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CXLV.-- Researches o n  Chyomorgai& Acids  : the 
Behctviour of  Chromic Hydroxide towards Oxalic 
Acid and certain other Organic Acids. 
By EMIL ALPHONSE WERNER. 
Introductory. 
MANY years ago (Trans., 1886, 49, 383 ; 1887, 51, 404 and 602), I 
showed that Gregory’s blue salt, K,Cr,(C20,),,6H,0, and Croft’s red 
salt, K2Cr,(C204),,10H,0, are not ordinary double salts as was then 
supposed, but are respectively derivatives of the following chrom- 
oxalic acids : H,Cr2( C,04), and H,Cr2(C20J4(OH),. Croft’s compound 
was shown to be an acid salt, the composition of which is correctly 
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WERNER : RESEARCHES ON CHROMOROANIC ACIDS. 1439 
represented by the formula K2H2Cr2(C,0,),( OH),,8H20, and from which, 
by addition of alkali, normal green salts can be obtained of the type 
Since then other chemists, notably Rosenheim (Zed. anorg. Chem., 
1896, 11, 175), Rosenheim and Cohn (Zeit. ccnorg. Chem., 1901, 28, 
337), and more recently Jorissen and Reicher (Zeit. Furb. Text. Chem., 
1903, 2, 431), have contributed to the chemistry of these compounds, 
and have confirmed much of m y  work. 
So far no chromoxalic acid has been obtained and recognised in the 
solid state, our knowledge being limited to the existence of aqueous, 
alcoholic, o r  ethereal solutions, which on neutralisation can afford 
solid derivatives. 
The only known solid compound containing the oxalic group and 
chromic chromium alone is the substance which is now extensively 
used as a mordant in dyeing, and under the name of “chromium 
oxalate” or  “chromic oxalate,” is commonly regarded as a salt. 
The commercial article is variable in  i ts  composition, and contains 
an  excess either of insoluble chromic hydroxide or of oxalic acid. 
I have, from time to time during the last few years, examined the 
behaviour of chromic hydroxide towards oxalic acid and a number of 
organic acids, and I now desire to lay my results before the Society, 
more particularly in view of the work on chromium oxalate published 
by Wyrouboff (Bull. Xoc. frcmg. Mirt., 1901,24, 8 6 )  and by Rosenheim 
(Zoc, cit.), whose results differ in many essential points from my own. 
K,Cr2(C,O,),(OH),. 
Interaction of Chromic Hydroxide and Oxalic Acid. 
When recently precipitated * and thoroughly well-washed chromic 
hydroxide is gradually added to a hot aqueous solution of oxalic acid, 
the hydroxide commences to dissolve at once, and continues to  do so 
until a solution is obtained containing chromium and oxalic acid in 
the ratio Cr2(C20,),. When this stage is reached, the chromic 
hydroxide ceases to dissolve any further. 
The clear filtrate has a deep purplish-red colour and a strongly acid 
reaction; it becomes deep green on the addition of alkali. The 
presence of the oxalic radicle is not revealed by the usual precipitation 
tests, and chromic hydroxide is not precipitated by the addition of 
excess of alkali in the cold. When theoriginal solution is evaporated 
on the water-bath, it leaves an amorphous, friable residue which by 
transmitted light has a deep sap-green colour, whilst by reflected light 
it appears almost jet black. A superficial examination of the sub- 
* Amnioiiia was always used to prepare the hydroxide, as the substance, wlieii 
precipitated by sodiuin or potassium hydroxide, invariably retains alkali in spite of 
repeated washing. 
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stance would suggest R crystalline structure, but all the attempts 
which I have made to obtain a definite crystalline compound from this 
solution have been so far unsuccessful. 
Wyrouboff, in addition to an  amorphous chromium oxalate t o  
which he gives no formula, describes an  oxalate, Cr2(C,0,),,25H20, 
forming violet crystals, a hydrate with 13H20 forming grey needles, 
and also two crystalline hydrates with 4H20 and lH20 respectively 
Rosenheim and Cohn state that  the hydrate with 13H20 contains 
16H,O, six molecules of which are water of constitution, These 
crystalline substances were obtained by the addition of an alkali 
oxalate t o  chromium solutions. Without going into quite unnecessary 
detail, I may briefly state that I have not been able t o  obtain evidence 
of the existence of any definite crystalline hydrate of chromium 
oxalate, and am therefore inclined to doubt the existence of such 
compounds. The results which I shall now describe have been 
obtained with the amorphous residue from the chromium oxalate ” 
solution, the preparation of which I have just explained, as experience 
has shown this to be the most reliable method for obtaining a product 
capable of affording satisfactory results, provided the following pre- 
cautions are observed. Before analysing the residue from this solution, 
it is absolutely necessary to  dry the finely-powdered material 
thoroughly by heating for several hours at loo”, otherwise the per- 
centage of chromium in the apparently dry product may vary from 
20-25 per cent. The substance is exceedingly deliquescent ; a portion 
exposed to a moist atmosphere became syrupy after two days, and was 
more than doubled in weight, while at the  end of five weeks i t  had 
absorbed over five times i t s  weight of water; this is very different 
from Wyrouboff’s compound with 25H,O, which he states gradually 
loses 12H20 on continued exposure to the air. 
I shall now state, as briefly as possible, the composition and generdl 
properties of the different compounds examined, the analytical data 
and experimental details of the analyses are given later on. 
The chromium oxalate, carefully dried at looo, still contains a con- 
siderable proportion of water of constitution, which is only completely 
expelled a t  210--215°; above this temperature, the  oxalic group com- 
mences to decompose. The proportion of water corresponds with the 
ratio Cr2(C,0,),,4~H20, from which I conclude that the composition of 
the compound is best represented by the formula Cr,(C20,),,9H20. 
The substance is extremely soluble in water, the dissolution being 
slow a t  first ; it also dissolves slowly in alcohol, the addition of ether 
precipitating the compound from this solution. 
Roxenheim appears to have obtained a compound soluble in ether, 
while Wyrouboff’s crystalline oxalates are stated to be insoluble even 
in  water. 
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The strongly acid reaction of this compound in solution does not 
appear to  have attracted the attention of other investigators ; when 
ammonia or potassium hydroxide is added to the solution, ttie colour 
gradually changes from purplish-red to deep green, and the addition of 
alkali in the ratio of 29 molecules to Cr2 is required before the liquid 
assumes a faintly alkaline reaction. The addition of alcohol at this 
stage precipitates in each case a dark green, amorphous compound, 
which, after washing thoroughly with alcohol and drying at 100°, is 
readily soluble in water, affording a Ferfectly neutral solution. The 
ammonium derivative is most easily prepared by adding a slight excess 
of ammonia to the original chromoxalate solution, evaporating to dry- 
ness, and heating the residue for a short time a t  100' ; this substame 
has the composition (NH,),Cr4(C20,),,7H20 ; the existence and pro- 
perties of hhis compound at once suggest that  five atoms of acidic 
hydrogen are present in the molecule of chromium oxalate, the formula 
of which may therefore be written H,Cr,( C20,),(OH),,4H20, the 
ammonium salt dried at 100' being ( NH4),Cr4(C204),(OH),,2 H20. 
I have not been able to obtain a corresponding compound containing 
five atoms of potassium, whilst the pentabasic character towards 
ammonium appears clear ; the potassium derivative, prepared as already 
described and dried a t  looo, has the composition K4Cr,(C204),(OH),. 
That this is a definite compound is shown by the fact that  it dissolves in 
water, giving a neutral solution ; chromic hydroxide is not precipitated 
when the solution is boiled for some time, and calcium chloride does 
not give a precipitate of calcium oxalate. When ignited, the compound 
leaves a residue of (2K2Cr04,Cr,03) in accordance with the equation : 
K4Cr,(C20,),(OH)4 4 9 0  = 2K,CrO, + c,lr20, + 12C0, + 2H,O. 
When an excess of potassium hydroxide is added to the chromoxdic 
solution, a portion of the oxalic group tends to be eliminated, and ill- 
defined compounds are precipitated by alcohol. Wi th  ammonia in 
large excess, there is a similar tendency, but a definite compound 
appears to be always produced. 
If the chromoxalic acid in fine powder is directly dissolved in a 
strong solution of ammonia (the solution of sp. gr. 0.880 diluted with an  
equal volume of water), the liquid, which at first is dark green and ex- 
hibits dichroism, gradually assumes a deep purplish-red colour ; alcohol 
precipitates the new derivative in the form of a dark purplish-red, micro- 
crystalline powder, This substance, after drying by gentle warming 
to expel all traces of alcohol and free ammonia, gives analytical results 
suggesting the formula (NH4)5Cr,(C20,),,5NH,,14H20. 
This compound differs from those already described; it is very 
unstable, the solution readily gives off ammonia on boiling, and 
calcium chloride precipitates some calcium oxalate. When the 
Pu
bl
ish
ed
 o
n 
01
 Ja
nu
ar
y 
19
04
. D
ow
nl
oa
de
d 
by
 S
el
cu
k 
U
ni
ve
rs
ity
 o
n 
06
/0
2/
20
15
 1
5:
18
:5
6.
 
View Article Online
1442 WERNER : RESEARCHES ON CHROMORGANIC ACIDS. 
chromoxalic acid is treated with an excess of sodium hydroxide, a 
green compound is obtained in which the ratio of Na to Cr  is either 
Na,Cr, or NaloCr4, the chromium atoms and oxalic groups being 
always in  the ratio of four t o  five. 
Aniline is readily dissolved by the chromoxalic solution and affords 
derivatives crystallising in well-defined, large, deep purplish-blue 
prisms ; the composition of these products varies with the proportion 
of aniline used, and their investigation is still iu progress. It is 
hoped that a careful examination of these compounds may help to 
throw further light on the exact nature of the so-called chromium 
oxalate. 
It is evident, however, from the results of the work recorded in the 
present paper, that when chromic hydroxide is dissolved by oxalic 
acid, the product cannot be considered as an ordinary saline com- 
pound, but is a true chromoxalic acid, which in solution behaves in 
accordance with the predence of distinct ions of hydrogen a r d  
(( chromoxal,” the chromium atoms and oxalic groups acting in union 
as a negative ion. When the chromoxalic solution is boiled with 
normal potassium oxalate, as might be expected, the red potassium 
chromoxalate, K2Ch2(C204)4,1 OH20, is gradually formed, as Rosenheim 
has already shown, but at the same time a salt forming small, dark 
blue acicular crystals is produced, the analysis of which, although not 
yet completed, indicates that the chromium atoms and oxalic groups 
are in the ratio expressed by the formula Cr2(C,04)3. The production 
of two distinct salts in this experiment is in favour of the double 
formula Cr,(C204)G adopted in this paper. 
A n a l y t i c a l  D a t a .  
Analyses of the Chroinoxalic Compound or 6 c  Chromium Ozalute.” 
The results appended were obtained with different portions of 
material which had ceased to lose weight after heating for several 
hours at 100’. 
Found. CrAC204)G., 9H2O 
I. 11. 111. requires. 
Cr ............ 23.47 23.36 23-21 23.16 
C204 ......... 58.29 58.43 58.62 58.79 
H20 ......... 17.78 17-98 18-09 18.04 
Careful attention was given to  the estimation of the water, which 
was collected and weighed, as a mere determination of loss in weight 
is not trustworthy, as portion of the oxalic group is liable to de- 
compose at the high temperature necessary to expel all the water. 
Pu
bl
ish
ed
 o
n 
01
 Ja
nu
ar
y 
19
04
. D
ow
nl
oa
de
d 
by
 S
el
cu
k 
U
ni
ve
rs
ity
 o
n 
06
/0
2/
20
15
 1
5:
18
:5
6.
 
View Article Online
WERNER : RESEARCHES ON CHROMORGANIC ACIDS. 1443 
The following experiment is given as an example. 1.0265 gi-Ams 
heated in a slow current of dry air for four hours gave after : 
1 hour at 120-130'; 0.098 gram H,O= 9.54 per cent. 
1 ,, 150-160°; 0.05 y ,  H,0=4.87 ,t 
1 ,, 160-190'; 0.008 ,, H20=0.78 ,, 
1 :, 210' ; 0.0265 y y  H,O=2*59 ,, 
amounting in all to 17.78 per cent, of water, and there was only a 
very slight decomposition of the C204 group. It is necessary to 
increase the decomposition in order to secure the expulsion of the last 
traces of water. 
(NH,),Cr,(C,O,),(OH),,2H,O 
Found. rcquirw. 
NH, ............... 9.25 8.97 
c,04 ............... 55-74 55.75 
Cr .................. 22.09 21.96 
H,O ............... 13.39 13.30 
This compound can be heated up to  200" without appreciable loss 
of ammonia ; the first 2 molecules of water are evolved at 140'. 
~,Clh(C,O,),(OH), 
Found. requires. 
K .................. 16-40 16.25 
Cr .................. 21.82 21-66 
H,O ............... (not determined) 
C,O, ............... 52-79 55.00 
I have not been able to  obtain a product affording a higher per- 
centage of the oxalic group ; the above corresponds with the formula 
Cr4(C204)5.74; as I have already mentioned, there is a great tendency 
€or a portion of the oxalic group to be eliminated by the action of 
even sufficient alkali to produce neutralisation or faint alkalinity. 
( N H,),C r4 ( C P ,  15 9 5 N H 3 9 1 4 H, 0 
Found. requires. 
NH, ............... 15-74 16.38 
Cr ................. 19.25 18-90 
C,O, ............... 40.74 40.87 
H,O (diff.) ...... 23.33 22.94 
The difficulty of drying this substance without loss of a trace of 
ammonia accounts for the rather low result ; the determinations of 
chromium and oxalate in several different specimens have never given a 
higher ratio than the above, and some ammonium oxalate is always 
produced as a by-product in the preparation. 
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Behuviour of C h r o m i c  H y d r o x i d e  towards  O t h w  Organic 
Acids. 
The dissolution of chromic hydroxide in  a hot solution of oxalic 
acid takes place very readily, and rapidly reaches the proportion 
required by theory, according to the equation : 
+ 3H,C204 6H20 ; 
the nature of the solution and the properties of the  compound formed 
have just been described. 
With other organic acids, however, the chromic hydroxide shows a 
very marked difference in behaviour, as, for instance, with the three 
related compounds, oxalic, malonic, and succinic acids. 
I n  each case, 2.06 grams of recently precipitated and well-washed 
chromic hydroxide were gradually added to the boiling solution of the 
acid and the mixture kept boiling for 1 hour, water being added from 
time to time to replace tha t  lost by evaporation. The proportions of 
the hydroxide dissolved were as follows : oxalic acid, 100, malonic 
acid, 49.70, and succinic acid, 0.64. 
Whilst, in the case of malonic acid, the proportion of hydroxide 
dissolved increases slowly with long-continued boiling, this makes no 
difference with succinic acid, and both in the foregoing and also in all 
subsequent experiments there was no evidencs whatever of the forrna- 
tion of any insoluble basic chromium salts. 
The behaviour of the hydroxide with succinic acid where the inter- 
action is practically nil, even in presence of excess of acid, is somewhat 
unexpected. 
Experiments with glycollic, lactic, malic, tartaric, citric, and tricarb- 
allylic acids under similar conditions have shown that relatively small 
proportions of chromic hydroxide are dissolved by these acids, varying 
from 12 per cent. in the case of malic to 27 per cent, in t he  case of 
lactic acid, The chromium solutions produced have in all cases the 
general characters of the chromoxalic solution, indicating tha t  true 
chromorganic acids, and not saline compounds, are formed. 
Chyomic Hydq*oxide and Mct Zonic Acid. 
When chromic hydroxide is dissolved to saturation in a solution of 
malonic acid, a deep purplish-red liquid is produced, which on evapora- 
tion leaves an  amorphous, dark green, friable residue containing some 
uncombined malonic acid. In  order t o  obtain a pure product, t he  
residue is extracted with boiling alcohol, which removes the excess of 
acid, at the same time dissolving some of the chromium compound j 
the residue from this treatment is again dissolved in water. The 
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solution, which has a strongly acid reaction, affmds on evaporation a 
greenish-black residue ; this product, when thoroughly dried at loo", 
gives analytical results corresponding with the formula 
Cr = 20.49 and 20-41, H20 = 19.4, the calculated percentages being 
Cr = 20.43 and H20 = 19.44. The water is only completely expelled 
at 190°, without any decomposition of the malonic group, six molecules 
of water being eliminated a t  150-160'. This compound is 
exactly analogous to the chromoxalic derivative, its behaviour towards 
alkalis indicating a constitution corresponding with a chromomalonic 
Thus, when treated with a solution of ammonia in a manner similar to 
the chromoxalic acid (see p. 1441), a derivative is obtained having 
the composition 
The analytical data gave Cr=18*55 and 18.78, N H , = 7 * 5 8 ,  the 
calculated percentages being Cr = 18.85 and N H 3  = 7.70. The above 
formula requires 17.95 per cent. of water, the highest result was 15.90 
per cent., this being obtained by heating to about 160°, at which 
temperature incipient decomposition takes place. 
This compound, which affords a perfectly neutral solution in water, 
is insoluble in  alcohol. 
A potassium derivativa having properties analogous to those of the 
chromoxalic compound was obtained, bu t  it was not analysed. 
A chroinomalonate corresponding with Croft's red chromoxalate is 
obtained by boiling the chromomalonic solution with two molecular 
proportions of potassium malonate, in accordance with the equation : 
(NH4)5Cr4(C,H20,),(0H),,6H20' 
This compound separates from its solution in dark purplish-red, 
rhombic prisms resembling Croft's salt, and has the composition : 
K2Cr2(C3H204)4, I ; 
it furnishes the following analytical data : Cr = 13.65, K = 10.21, 
H20 = 23.01 per cent., the calculated values being Cr = 13.50, 
A t  160-170°, the salt loses 8H20 and becomes dark green ; the last 
traces of H20 can only be expelled at temperatures above 200', as in  
the case of the red chromoxalate. On ignition in air, i t  leaves a 
residue of potassium chromate and chromic oxide. 
I n  the preparation of the  red chromomalonate, a second compound 
crystallising in fine, silky, greenish-blue needles is produced ; the 
VOL. LXXXV. 5 (: 
K =  10.13, H20=23*37.  
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product is somewhat unstable and has not yet been examined ; it is not 
improbable tha t  this substance is the analogue of the compound 
forming blue crystals which is produced in the corresponding experi- 
ment with the chromoxalic acid mentioned on p. 1444. 
I have not deemed it necessary to examine in detail the compounds 
which chromium forms with the other organic acids, my object being 
sufficiently secured in establishing their general character and their 
resemblance to the chromoxalic acid. I shall, therefore, very briefly 
describe the main facts observed, 
Chromic Hydroxide and Tccrtaric Acid. 
Moist chromic hydroxide is very slowly attacked by a solution of 
tartaric acid, and after two hours’ vigorous boiling only 12.7 per cent. 
of the theoretical amount of the chromium compound was found to 
have dissolved. The purplish-red solution was changed to green by 
caustic alkalis, but chromic hydroxide was not precipitated even by 
boiling the liquid with an  excess of sodium hydroxide for a 
considerable time, 
On evaporation of the original solution, a purplish-red residue is left ; 
when the excess of tartaric acid is removed from this by boiling with 
alcohol, the product which has now a pale purplish-red colour is found 
to  be quite insoluble in water, even on boiling, but it gradually dis- 
solves again in a solution of tarbnric acid. 
This compound, dried a t  looo, appears to be normal chromium 
tartrate, Cr2(C4H406)3, the percentage of Cr being 19.22, whereas the 
formula requires 18.97. 
Whereas, judging from the properties of the solution, a chromo- 
tartaric acid appears to be first formed, this on evaporation decomposes, 
affording a saline chromium tartrate and free tartaric acid. This 
behaviour has npt been observed with any of the other acids 
examined. 
Chromic Hydroxide and Malic Acid. 
I n  this case, the proportion of hydroxide dissolved after two hours’ 
boiling amounted to 12.5 per cent. of the theoretical, a greenish-blue 
dichroic solution being produced, from which the hydroxide is not 
reprecipitated by boiling with excess of sodium hydroxide. 
The solid product, freed from excess of uncombined acid, has a rich 
green colour and is freely soluble in water affording a strongly acid 
solution. 
The free acid and the ammonium derivative are highly deliquescent ; 
the  latter contains the chromium and ammonium in  the ratio of four 
to  ten, tha t  is, double that of the corresponding oxalic and malonic 
compounds. 
It is also soluble in alcohol. 
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Chromic Hydroxide  and  GZycoZZic Acid. 
After two hours’ boiling, the proportion of hydroxide dissolved 
amounted to 21.3 per cent, of the theoretical; the purple solution 
produced is changed to green by alkalis, the hydroxide being re- 
precipitated on boiling with a slight excess of sodium hydroxide. The 
dry compound, when purified from excess of acid, is dark green and 
deliquescent ; it yields a strongly acid solution. The ammonium 
derivative contains its basic radicles in the proportion indicated by 
Chromic Hydroxide  and  Lactic Ac id ,  
Cr4(NH4)5. 
After two hours’ boiling, the proportion of hydroxide dissolved 
amounted to 26.7 per cent. of the theoretical, The solution has a 
purplish-green colour, with properties similar to the product from 
glycollic acid. 
Chromic Hydroxide  and Cityic Acid.  
The proportion of hydroxide dissolved by this acid after two hours’ 
boiling was 25.4 per cent. of the theoretical. The solution has a deep 
bluish-purple colour, and, as in the case of the tartaric and malic 
derivatives, the hydroxide is not precipitated by boiling with excess of 
sodium hydroxide. The dry product freed from excess of acid is dark 
green, acd is freely soluble in water, producing an  acid solution with 
properties similar to those described, 
When tricarballylic acid was employed instead of citric acid, it was 
found that, under similar conditions, 15 per cent, of the calculated 
proportion of chromic hydroxide was dissolved, and a solution was 
produced with the properties resembling those of the other organic 
chromic derivatives. 
Bearing in mind the main facts which have been recently established 
in regard to the compounds resulting from the interaction of various 
metallic hydroxides and the hydroxy-organic acids, I was inclined, when 
commencing these experiments, to expect some marked difference in  the 
behaviour of chromic hydroxide towards such acids, more particularly 
in the nature of the products. 
Comparing the action of malic or tartaric acid with that of 
succinic acid, and the behaviour of citric acid with tricarballylic, the 
hydroxy-acid appears to exert a more powerful solvent action on the 
chromic hydroxide, but this is by no means general. Acetic* and 
propionic acids are well known to  dissolve the hydroxide more readily 
* The solution of Cr,(OH), i n  acetic acid has been re-investigated by ltecoure 
(Compt. rend., 1899, 129, 158, 208, 288), who, besides the saline acetate, describes 
two chromoacetic acids containing the conipl3x Cr(C,H,O,),, 
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than I have shown in  the case of glycollic and lactic acids. Compar- 
ing the behaviour of oxalic, malonic, and succinic acids, the remarkable 
indifference of chromic hydroxide towards the last-mentioned acid 
is in striking contrast with the mell-marked tendency shown by the 
hydroxide to react with oxalic acid and the oxalates to form the 
characteristic stable chromoxalates. Several years ago (Proc., 1887, 
3, 142) I pointed out that  the oxalic acid group can displace the 
sulphuric ion in a solution of chromic sulphate with the production of a 
chromoxala te . 
The stability of the chromoxalate is further illustrated in  the 
following unsuccessful attempts t o  isolate derivatives in  which a 
portion of the oxalic radicle is replaced by some other analogous 
group. 
Crofts showed long ago (Phil. Mag., 1842, 21, 197), that  when the 
red chromoxalate is boiled with a solution of a normal oxalate, a blue 
chromoxalate is produced, thus : 
I n  my paper (Trans., 1888, 53, 404), I verified this reaction, and 
mentioned that salts of other orgctnic acids appear to enter into com- 
bination with the red chromoxalate. 
It would seem not unlikely, for example, that  by the interaction of 
normal potassium succinate and the red chromoxalate a derivative of 
the  composition K6Cr2(C204),(C4H404)2 could be obtained belonging to 
the blue series, but such, however, is not the case. A peculiar change, 
proceeding evidently on different lines, occurs, and the blue chrom- 
oxalate, K,~r2(Cr04),,6H20, is the chief product, as shown by t h e  
following details. A quantity of the red salt was boiled for half an  
hour in aqueous solution with t w o  molecular proportions of normal 
potassium succinate. The red colour of the liquid soon changed to 
dark bluish-green ; the product on concentration continued to yield 
dark blue crystals of K6Cr2(C204),,6H20 (identified by analyses) unti l  
a viscid, syrupy, mother liquor was finally obtained. I n  the hope of 
isolating some definite products from this, the diluted mother liquor 
was treated with an  excess of barium chloride, when a small quantity 
of barium oxalate separated; the filtrate on evaporation furnished a 
crystalline barium compound having the composition 
but beyond this no other definite comround mas obtained. 
When the red chromoxalate is boiled with potassium acetate or 
potassium malonate, the blue chroruoxalate is likewise the main 
product. 
These salts therefore bring about a peculiar condensation of the red 
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salt into the  blue, with the  elimination of some of the  chromium-oxalic 
complex in  an uncrystallisable form. 
A more complete explanation of this change, together with other 
points requirifig further examination, I shall reserve for a future  
communication. 
NOTE ON THE EXISTENCE OF A BORO-OXALATE. 
The behaviour of boron hydroxide or boric acid towards the poly- 
hydric alcohols and towards the hydroxy-acids has, from time t o  
time, occupied the attention of several investigators. It now appears 
to  be clearly established that  in all these interactions, derivatives are 
produced by the  substitution of hydroxylic hydrogen by the univalent 
boryl group O*B:O.- The extent of this substitution is conditioned 
by the number, position, and structural relations of the  hydroxyl 
group$. 
The boro-gl ycerides, boro-tartrates, boro-citrates, and boro-salicylates 
may be taken as  typical examples of this class of compounds, in  
the  solutions of which complex ions containing the boryl group have 
been recognised. 
The extensive investigations of Magnanini (Gaxxetta, 1891, 21, 
ii, 215, and 1893, 23, i, 197) on the influence of boric acid on the  
electrical conductivity of aqueous solutions of organic acids and 
hydroxyl compounds is particularly interesting. Considering the 
organic acids only, this chemist, from experiments with a very large 
number of acids of very varied type, has arrived at the following 
conclusions : 
1. The addition of boric acid to aqueous solutions of hydroxy-acids 
produces a marked increase in  the electrical conductivity, but only 
when the  hydroxyl group is in  the  a-position t o  the  carboxyl. 
2. The electrical conductivity of acids which do not contain the 
hydroxyl group in addition to  a carboxyl group is never increased by 
the  addition of boric acid to  their aqueous solutions. 
The behaviour of oxalic acid, for instance, accords with the  second 
conclusion. 
Following immediately on Magnanini’s work, P. Adam, in a general 
paper on ‘‘ The Emetics” (Compt. Tend., 1894, 118, 1273), states t h a t  
oxalic acid and i ts  salts do not combine with boric acid. As far a s  
free oxalic acid and i ts  normal salts are concerned, this statement is 
quite true, and is in  perfect agreement with Magnanini’s conclusions. 
It would thus appear as if a boro-oxalate was not capable of existence, 
since oxalic acid is not a hydroxy-acid in the accepted meaning of the  
term. 
As a n  outcome of my work on the  chromoxalates, 1 was led, several 
YOL. LXXXV. 5 D  
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years ago, to examine the behaviour of boric acid towards oxalic acid 
and the oxalates, and also towards malonic and succinic acids, but the 
results then obtained were not published. I venture, therefore, to 
record briefly how a well-defined crystalline boro-oxalate may be 
readily prepared. 
Preparation of Potassium Boro-oxdate. 
Molecular proportions of potassium metaborate and oxalic acid are 
boiled together in moderately strong aqueous solution for a short time, 
15 to 20 minutes’ ebullition sufficing to complete the change when 
about 50 grams oE material are employed. The product separates, on 
cooling, in rosette-like clusters of minute prisms, and by recrystallisa- 
tion from a sufficiently dilute solution, brillianb, colourless prisms, 
4-5 millimetres in  length, may be obtained. 
The substance is formed in accordance with the simple equation : 
K602 + H,C,O,= (BO)KC,O, + H20, 
but the crystals thus obtained are more correctly represented by the 
formula K2(B0)2(C20,)2,3H,0. A still more convenient method 
of preparation consists in boiling a solution of potassium hydrogen 
oxalate with boric acid, thus : 
CO*OK CO,K 
I _  ........................ + ;HO~-B:O = I + H,O 
CO-OjHj CO*O*BO -..__ 
Aiialytical data. ~UBO),(C,O4)*’3H,O 
I. 11. requires. 
K .................. 21.98 21.51 21.59 
Boron ............... 6-92 (a) 6-33 ( b )  6.07 
H,O ............... 14.99 - 14.90 
C20, ............... 48-92 48.79 48.59 
The water of crystallisation is all expelled at 110-120’. The boron 
was estimated ( a )  as KBF, (6) by Gooch’s method. 
Potassium boro-oxalate is freely soluble in water and almost in- 
soluble in strong alcohol; the aqueous solution has a decided acid 
reaction. 
Corresponding salts of sodium and ammonium may be obtained, but 
they are less stable in solution. I have not been able to  obtain 
definite compounds containing either barium or calcium. 
When barium chloride is added to  a cold strong solution of the 
potassium salt, the liquid remains quite clear ; on gentle warming, a 
crystalline precipitate rapidly forms, but although this contains some 
boron, the oxalic radicle is in large excess, indicating t h a t  the sub- 
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stance is a mixture of barium oxalate with probably some boro- 
oxalate. 
The next point of interest lies in the fact tha t  similar experiments 
with malonic and succinic acids fail entirely to give corresponding 
boron derivatives. When succinic acid is boiled with a solution of a 
metaborate, or when boric acid is boiled with a solution of potassium 
hydrogen succinate, unchanged boric acid separates from the solution 
on cooling, and the same occurs with malonic acid. 
The existence of a well-defined boro-oxnlate and its method of pre- 
paration indicate tha t  in their behaviour towards boric acid the acid 
oxalates resemble the salts of the hydroxy-acids. This fact is quite in 
keeping with a view which may be here suggested, that  oxalic acid, 
although itself a dicarboxylic acid, may also be regarded as the first 
member of a series of hydroxy-acids having the general formula 
R”(OH)*CO*CO,H. Thus oxalic acid bears the same relation to 
glyoxylic acid as carbonic bears to formic acid : 
Glyoxylic, HCO*CO,H. Formic, HC0,H. 
Oxalic, OH*CO*CO,H. Carbonic, OH*CQ,H. 
The second member of the series would be CH,(OH)*CO*CO,H; the 
acids would all contain, like oxalic acid itself, the nucleus -CO*CO- 
I n  the case of oxalic acid, i ts  hydroxylic character only comes into 
evidence when one of the carboxyl groups has been neutralised. 
Disregarding the experimental facts which lead to this suggestion, 
the same view might obviously be extended to  malonic acid; in this 
case, the residual hydroxyl group, after partial neutralisation, would 
not be in the a-position, which, as Magnanini (loc. c i t . )  has shown, is 
necessary for the formation of boron derivatives from acid substances. 
UNIVEBSITY CHEMICAL AGORATOBT, 
TRITITY COLLEGE, DUBLIN. 
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